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Abstract

Stony Coral Tissue Loss Disease (SCTLD) is a rapidly spreading coral disease that has caused
significant mortality throughout the northern Caribbean. Curiously, its underlying causes and microbiome
dynamics remain unclear. In this study, the temporal dynamics of bacterial communities were
characterized in five foundational coral species: Montastraea cavernosa, Colpophyllia natans,
Pseudodiploria strigosa, Diploria labyrinthiformis, and Orbicella faveolata in La Parguera Natural Reserve
(LPNR), southwest Puerto Rico. At least 10 healthy, tagged colonies from each species were sampled
prior to SCTLD's arrival in LPNR and then resampled upon infection. Samples from the infected margin
and the healthy-looking tissues of the same colonies, as well as from five nearby healthy controls of
each species, were taken and frozen at -80°C. Microbial communities were analyzed using 16S rRNA
gene amplicon sequencing. Bacterial communities were dominated by Alphaproteobacteria,
Gammaproteobacteria, and Bacteroidia across species and health conditions. Within species,
PERMANOVA results showed significant differences in microbial composition between infected and
healthy-looking tissues (R? = 0.09-0.34, p < 0.05), with variation across taxa. Differences were more
pronounced in M. cavernosa and P. strigosa, whereas the overlap was greater in other species.
Differential abundance analyses revealed enrichment of taxa associated with opportunistic and
anaerobic processes in diseased tissues, including members of Clostridia (e.g., Tepidibacter) and
sulfate-reducing bacteria, although these patterns were not consistent across all coral species. These
results align with previous studies, showing shifts toward opportunistic and anaerobic microbial groups
in SCTLD, while showing that these changes vary in structure and magnitude across coral hosts rather
than being driven by a single causative bacterial pathogen.

Introduction

Coral reefs are biodiversity hotspots that host myriad species (Reaka-Kudla, 1997). Through continuous
calcification, scleractinian corals form the foundation of these highly complex reef structures (van
Oppen & Blackall, 2019). Beyond their ecological role, coral reefs also contribute to coastal protection,
support fisheries, and provide important benefits to human communities that rely on them (Moberg &
Folke, 1999; Ferrario et al., 2014). During the last decades however, coral reefs communities around the
world have been showing significant deterioration mostly due to massive coral mortalities produced by
frequent epizootic events of new and old diseases and increasing frequency and intensity of bleaching
events associated with increasingly hot thermal anomalies (global warming) and aided by synergistic
anthropogenic impacts (Harvell et. al., 2007, 2009; Hughes 1994, 2003; Hoegh-Guldberg et. al. 1997,
Bruno et al. 2007; Weil et. al. 2009a,b; Weil and Rogers, 2011; Burge et. al. 2014, Jackson et al. 2014;
Aronson et. a. 2016; McClanahan et. al. 2017; Weil et. al. 2017; 2019; Vega-Thurber et. al. 2020). The
frequency of these events is hindering natural recovery by sexual reproduction and natural growth in
most localities by minimizing favorable periods of time after disturbances, especially for the slow-
growing, massive, reef-building species compared to those species with high growth rates and clonal
expansion (Weil et. al.,2017; 2019; Tuohy et al., 2015; Jackson et al., 2014; Hughes et al., 2017).
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At the scale of individual coral colonies, each colony functions as a holobiont, comprising the host and a
diverse array of microorganisms including bacteria, archaea, algae, fungi, and viruses (Bourne et al.,
2016; van Oppen & Blackall, 2019). Microbial community composition plays important roles in
physiological functioning and stability and is hypothesized to influence coral susceptibility to disease
and the severity of microbiome disruption during infection (Rosenberg et al., 2007; Zaneveld et al., 2016;
Vega Thurber et al., 2025).

Stony Coral Tissue Loss Disease (SCTLD) is among the most destructive coral diseases documented to
date (Precht et al., 2016; Aeby et al., 2019; Croquer et al., 2021). Emerging in 2014 after dredging the Port
of Miami (Precht et al. 2016), it has rapidly spread throughout the Caribbean, affecting more than 20
coral species (Aeby et al., 2019; Wei et al., 2019; Landsberg et al., 2020). SCTLD is characterized by
multifocal lesions, rapid tissue loss, and high mortality. It has also been associated with disruptions to
the coral-algal symbiosis and breakdown of the coral holobiont, although its exact cause remains
unknown (Landsberg et al., 2020; Rossin et al., 2026). The impact of infection varies across coral
species and among individuals within the same species, demonstrated by previously reported
differences in lesion disease prevalence, progression, and severity (Aeby et al., 2019; Landsberg et al.,
2020; Meyer et al., 2019; Weil et. al., 2019).

Although bacterial groups such as Vibrio and members of Rhodobacterales, Rhizobiales, and Clostridia
have been detected in SCTLD lesions, no single pathogen has been consistently identified, suggesting
that the disease is not driven by a single causative agent but rather by complex microbial interactions
(Meyer et al., 2019; Rosales et al., 2020; Ushijima et al., 2020; Arriaga-Pinén et al., 2021). Recent studies
indicate that these taxa are commonly enriched in diseased corals but may also be present in apparently
healthy corals, surrounding seawater, and sediments in affected reef systems, highlighting their potential
role in disease dynamics rather than as primary pathogens (Vega-Thurber et al, 2020; Rosales et al.,
2020; Clark et al., 2021; Nandi et al., 2022).

In this context, SCTLD is increasingly viewed as a disease characterized by shifts in microbial
community structure associated with stress and dysbiosis, in which microbial changes may reflect and
contribute to disease progression rather than act as direct causes (Peixoto et al., 2017; Zaneveld et al.,
2016).

In Puerto Rico, SCTLD was first reported on reefs in 2019 off the east coast and has since spread across
shallow and deep reef systems (Weil et al., 2019; Lucas et al., 2024; Williams et al., 2021). The reefs of
La Parguera Natural Reserve (LPNR) have been subjected to long-term monitoring at several nearshore
and offshore sites before, during, and after the SCTLD epizootic. Existing baseline information provides a
unique opportunity to investigate the temporal dynamics of the coral microbiome in healthy and SCTLD-
infected colonies across different species in Puerto Rico. Characterizing and comparing the impact of
infection on coral microbiomes across time and geographic locations will reveal shared patterns,
shedding light on the potential role of bacteria in disease development and, perhaps, the putative causes
of the diseases.
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This study examined how coral-associated bacterial communities change in response to Stony Coral
Tissue Loss Disease across multiple host species in the LPNR. Specifically, we asked whether (1)
microbial communities differ among tissue conditions within colonies, including apparently healthy
tissue (HH), visually unaffected tissue within diseased colonies (HD), and lesion margins (DD), and (2)
microbiome shifts associated with disease are consistent across species or exhibit host-specific
patterns.

We hypothesized that microbial community composition would differ significantly across tissue
conditions, with DD samples showing the greatest divergence from HH samples, and that HD samples
would exhibit intermediate or transitional community states. Additionally, we expected that the
magnitude and nature of these shifts would vary among coral species, reflecting host-specific responses
to infection rather than a single, uniform microbial signature of disease.

Materials and Methods
Sample collection

Fieldwork was conducted within La Parguera Natural Reserve (LPNR) on the southwest coast of Puerto
Rico, a region containing some of the island’s most developed and highly diverse coral reefs. At least 10
healthy-looking colonies of each of five foundational coral species; Montastraea cavernosa (n = 23),
Colpophyllia natans (n = 35), Pseudodiploria strigosa (n = 25), Diploria labyrinthiformis (n = 17), and
Orbicella faveolata (n = 32), were tagged in three reef localities: Turrumote (17° 56.097N - 67° 01.130W)
a mid-shelf fringing reef; San Cristobal (17° 56.298N - 67° 04.298W) a mid-shelf patch reef, and Buoy
(17° 53.291 ' N -66° 59.884W). All were located near the marine lab of the Department of Marine
Sciences at Isla Magueyes (Fig. 1). Tagged colonies were located along or near established permanent
transects, making them easy to find and monitor over time.

Before SCTLD was detected in the area, three replicate samples were collected from at least 15 visually
healthy tagged colonies of each species (HH) by scraping and suctioning tissue/mucus/skeleton from
the surface tissue with labeled, needleless sterile 50ml syringes. Syringes from the same colony were
placed in Whirlpack bags and brought to the boat where they were placed on ice in a cooler, transported
to the lab and dump into the - 80°C ultra-freezer for later processing.

After SCTLD got to LPRN and infected most tagged colonies, two replicate samples were collected the
same way from active diseased lesion margin (DD) and two from apparently healthy tissue within the
same colony (HD) of each of at least 10 tagged colonies of each species.

At the time diseased samples were collected, two replicate samples of at least three nearby visually
healthy corals of the same species were also sampled as controls (CC). All samples were placed in a
cooler with ice and transported to the lab, where they were stored in a -80°C ultra-freezer for later
processing. Replicates were collected from spatially separated areas within each colony to account for
within-host variability.
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All sampling and related field activities were conducted under permit #2020-IC-017 — O-VS-PVS15-SJ-
01097-05112019 from the Department of Natural and Environmental Resources of Puerto Rico.

DNA analyses were conducted separately for each species to account for differences in baseline
microbial communities and species-specific responses to SCTLD. The final dataset used for downstream
analyses comprised 133 samples across five coral species and four health states (Table 1). Sampling
effort varied among species due to differences in sample yield and tissue availability during collection
and processing.

Table 1

Number of colonies and tissue samples collected across coral species and health
states. Health conditions are defined as follows: HH = apparently healthy colonies
sampled prior to SCTLD detection in La Parguera Natural Reserve; DD = lesion margin
tissue from diseased colonies; HD = apparently healthy tissue within diseased colonies;
CC = visually healthy control colonies sampled at the same time and sites as diseased

colonies.

Species Total colonies HH DD HD CC Total tissue samples
C. natans 8 11 11 13 4 39

D. labyrinthiformis 6 9 5 10 5 29

M. cavernosa 6 ) 9 8 7 29

O. faveolata 3 3 2 3 4 12

P, strigosa 4 6 5 7 6 24

Total (n) 27 34 32 41 26 133

Sample processing and amplification

All genomic DNA extractions were done using the DNeasy PowerSoil Pro Kit (QIAGEN, Germantown, MD),
with minor modifications to the manufacturer’s protocol. Prior to extraction, syringe contents were
thawed at room temperature (25°C) and transferred to 50 mL centrifuge tubes while still cold. Samples
were centrifuged at 3,000 rpm (~ 1,150 x g) for 15 minutes to concentrate particulate material. The
resulting pellet was resuspended in 600 pL of CD1 solution. Subsequently, 200 pL of the resuspended
material was transferred into each of three PowerBead Pro tubes, each preloaded with 600 uL of CD1,
resulting in a total volume of 800 uL CD1 per tube. Samples were then homogenized using a FastPrep
FP120 instrument (Thermo Electron Corporation, USA) for 15 seconds at 4.0 m/s, with tubes placed on
ice for one minute between three iterations. After homogenization, the tubes were placed on ice for an
additional 2 minutes, then centrifuged. The remaining steps followed the standard PowerSoil Pro Kit
protocol.

DNA quality and quantity were assessed using a Qubit 4 Fluorometer and 1% agarose gel
electrophoresis. The V4 region of the bacterial 16S rRNA gene was amplified using primers 515F

Page 5/22



(GTGCCAGCMGCCGCGGTAA,; original Earth Microbiome Project; Parada et al., 2016) and 806R
(GGACTACVSGGGTATCTAAT; Apprill et al., 2015) by Admera Health Biopharma Services. PCR reactions
contained 1 pL of template DNA and were run with the HotStarTaq Plus Kit under the following cycling
conditions: 94°C for 3 min; 30 cycles of 94°C for 30 s, 53°C for 40 s, and 72°C for 1 min; followed by a
final elongation at 72°C for 5 min (Clark et al., 2021). Resulting amplicons were sequenced on an
lllumina MiSeq platform (2 x 250 bp paired-end reads) with a target of 100,000 reads per sample.

Bioinformatics and taxonomy assignment of Amplicon Sequence
Variants (ASV)

All bioinformatics analyses were performed in QIIME 2 (version 2024.2) for sequence quality control,
feature inference, and taxonomic classification (Bolyen et al., 2019). The amplified 16S rRNA V4 region
(~ 250 bp) was used for downstream processing. Raw paired-end reads were delivered in FASTQ format
and imported into QIIME 2 via a manifest-based workflow. After import, sequence quality was evaluated
using the giime demux summarize function to visualize per-base quality profiles and guide trimming
parameter settings using the DADA?2 algorithm (Callahan et al., 2016) implemented within QIIME
2.Sequence denoising and ASV processing were carried out using the giime dada2 denoise-paired
plugin. Forward and reverse reads were trimmed by 19 and 20 bp, respectively, to remove primer
sequences, and truncated at 230 bp (forward) and 220 bp (reverse) based on quality score profiles. This
step included merging reads and removing chimeras for high-resolution amplicon sequence variants
(ASVs).

Following ASV identification, taxonomy was assigned using the pre-trained silva-138-99-515-806-nb-
classifier. To standardize sequencing depth across samples for diversity analyses, the ASV table was
rarefied to 10,000 reads per sample using the giime feature-table rarefy command. This threshold was
selected to retain most samples while minimizing bias arising from uneven sequencing depth. All
resulting artifacts, including the feature table, taxonomy assignments, and rooted phylogenetic tree, were
exported for downstream statistical analyses and visualization in RStudio.

Community Diversity Analyses

All statistical analyses were conducted in R version 4.3.2 (R Core Team, 2023) using RStudio (version
2026.01.1), with the packages phyloseq, vegan, ggplot2, and dplyr. The ASV table, taxonomy table,
phylogenetic tree, and sample metadata were integrated into a single phyloseq object for downstream
analyses.Prior to any analyses, sequences assigned to mitochondria, chloroplasts, and Eukaryota were
removed from the dataset. Taxonomic annotations with missing classifications at lower ranks were
labeled as “Unclassified” to maintain consistency across taxonomic levels. After removing these
sequences, the dataset was inspected at the genus level for taxa commonly reported as potential
contaminants in low-biomass microbiome studies. Although some genera of interest were detected, they
were not consistently dominant across samples and were therefore retained for further analyses.
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ASV counts were converted to relative abundances for compositional analyses to account for
differences in sequencing depth among samples, while alpha diversity metrics were computed from
rarefied data. Alpha diversity was quantified using the Shannon diversity index (H') to describe within-
sample diversity across coral species and tissue conditions. Shannon values were calculated with the
estimate_richness() function in phyloseq and visualized with ggplot2 as boxplots with overlaid sample
points. Differences in alpha diversity among tissue conditions were tested separately for each species
using Kruskal-Wallis tests (implemented in R with the kruskal.test() function) (Table S1). When
significant, pairwise Wilcoxon rank-sum tests were performed using pairwise.wilcox.test() function, and
p-values were adjusted for multiple comparisons using the Benjamini-Hochberg method (Table S2).

Taxonomic composition and relative abundance patterns were summarized at multiple taxonomic levels
by agglomerating ASVs using the tax_glom() function (e.g., order, family, or genus). The resulting tables
were visualized as stacked bar plots using ggplot2 to illustrate the relative contribution of dominant
bacterial groups across species and tissue conditions.

To further examine changes in individual taxa associated with disease, differential abundance analyses
were conducted at the genus level. Genera showing significant differences among tissue conditions
were identified using Kruskal-Wallis tests, followed by pairwise Wilcoxon rank-sum tests with p-values
adjusted for multiple comparisons. Heatmaps were constructed using a subset of taxa with the largest
and most consistent differences across conditions. Because patterns of community differentiation
varied across coral species, heatmaps were limited to three species that showed the clearest separation
among tissue conditions, as indicated by beta-diversity and differential-abundance analyses. Mean
relative abundances were calculated for each genus within each tissue condition and species, and
values were log10(x + 1)-transformed prior to visualization. Heatmaps were generated using ggplot2.

Beta diversity was assessed using Bray-Curtis dissimilarity, computed with the vegdist() function in the
vegan package (Jari Oksanen et al., 2022). Non-metric multidimensional scaling (NMDS) ordination was
performed with the metaMDS() function to visualize differences in microbial community structure
among coral species and health states. NMDS results were visualized with ggplot2, with points colored
by species and/or health status, and ellipses were added to highlight clustering within groups.

Differences in community composition were tested using permutational multivariate analysis of variance
(PERMANOVA) implemented with the adonis() function in vegan, using a model including coral species
and health state as explanatory variables. The number of permutations was set to 999. Homogeneity of
multivariate dispersion among groups was evaluated using betadisper() and permutest().

Results

Microbial community composition across coral species

Microbial community composition varied across coral species, with a consistent dominance of a few
major bacterial groups. Members of the classes Alphaproteobacteria, Gammaproteobacteria, and
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Bacteroidia represented most of the community across species and health states, although their relative
abundances differed among species and health conditions (Fig. 1).

Species-specific patterns were evident. For example, C. natans, D. labyrinthiformis, and O. faveolata
showed higher relative contributions of Gammaproteobacteria, while Montastraea cavernosa and P
strigosa had a more even distribution among major classes, with greater contributions from other groups
such as Alphaproteobacteria and Bacteroidia. In contrast, O. faveolata was characterized by a higher
relative contribution of Bacteroidia compared to the other species.

Differences associated with health state were also observed within species. Diseased tissues (DD)
showed changes in relative abundance compared with healthy tissues (HH), mainly in some lower-
abundance groups. Increases in Clostridia were observed in multiple species, particularly in M.
cavernosa, P. strigosa, and C. natans, although this pattern was not consistent across all species.
Members of Desulfovibrionia were also detected in some diseased samples, especially in M. cavernosa,
but were also present at lower abundances in other health states.

Overall, these patterns indicate that changes in microbial composition during disease are variable across
species, supporting species-specific microbiome responses to SCTLD.

Microbial communities driven by species, then health state

NMDS analyses were performed separately for each species to better resolve patterns associated with
the health state. Non-metric multidimensional scaling (NMDS) based on Bray-Curtis dissimilarity
revealed clear differences in microbial community structure among coral species (Fig. 2). Within species,
separation by health state was variable. In M. cavernosa and P, strigosa, diseased (DD) and healthy (HH)
samples showed partial separation, suggesting shifts in microbial community structure associated with
SCTLD. In contrast, other species showed greater overlap between health states, indicating more subtle
or variable microbiome responses.

PERMANOVA confirmed that both species and health state contributed to differences in community
composition, although the strength of these effects varied among species (Table S3). The proportion of
variance explained by health state ranged from 0.09 in C. natans (R? = 0.094, p=0.011) to 0.34in O.
faveolata (R? = 0.336, p = 0.006). Intermediate effects were observed in M. cavernosa (R2=0.161,p =
0.002), P, strigosa (R2 = 0.164, p =0.001), and D. labyrinthiformis (R = 0.128, p =0.017).

Homogeneity of dispersion tests varied among species, with significant differences observed in C.
natans and D. labyrinthiformis (p < 0.05), whereas other species showed no significant differences. This
suggests that PERMANOVA results should be interpreted with caution, as some differences may be
driven by variation in dispersion.

Differentially abundant taxa across health states
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Differential abundance analyses revealed multiple taxa that differed significantly between healthy (HH)
and diseased (DD) tissues, although these patterns varied among coral species (Fig. 3). Across species,
diseased tissues were often associated with increases in several less abundant taxa, including groups
commonly linked to opportunistic or anaerobic processes (e.g., Clostridiales and Desulfovibrionales),
although these trends were not consistent across all hosts. In contrast, healthy tissues tended to be
associated with taxa that were more consistently present across samples.

The magnitude and direction of these shifts differed among species (Fig. 3); more pronounced
differences between HH and DD states were observed in M. cavernosa and P, strigosa, and more
moderate changes in C. natans. Genus-level variation among tissue conditions was assessed using
Kruskal-Wallis tests with post-hoc pairwise comparisons, identifying multiple taxa with significant
variation across health states (p < 0.05; Table S4). These included genera such as Tepidibacter,
Fusibacter, and Marinifilum, as well as sulfate-reducing groups such as Halodesulfovibrio. Heatmap
visualizations (Fig. 3) focus on species with more pronounced shifts among tissue conditions (R? >
~0.15, based on PERMANOVA) to improve clarity, while full results across all taxa and species are
provided in Table S4.

Alpha diversity patterns across species and health states

Alpha diversity, measured using the Shannon index, varied across species and health states (Fig. 5). C.
natans showed slightly higher diversity in DD compared to HH, whereas M. cavernosa and D.
labyrinthiformis showed lower diversity in DD samples. In P, strigosa and O. faveolata, differences among
health states were less consistent.Kruskal-Wallis tests indicated that alpha diversity differed significantly
among health states only in M. cavernosa (p < 0.05), whereas no significant differences were detected in
the other species (Table S1). Pairwise comparisons further showed that Shannon diversity in DD
samples differed significantly from HH, CC, and HD in M. cavernosa (adjusted p < 0.05; Table S2).

Discussion

This study examined how microbial communities associated with healthy and SCTLD-affected corals
change across different health conditions in LPNR. Microbial communities were dominated by members
of Alphaproteobacteria, Gammaproteobacteria, and Bacteroidia, consistent with patterns reported in
other Caribbean reefs (Meyer et al., 2019; Rosales et al., 2020). Differences in relative abundance among
these major groups varied across species and health conditions, indicating that baseline microbiome
composition is host-dependent and may influence how communities respond to disease. Across
conditions, diseased tissues were often associated with increases in less abundant taxa, particularly
groups linked to anaerobic metabolism and tissue degradation (Fig. 2).

NMDS and PERMANOVA results showed that health status significantly affected microbial community
composition, although the strength of this effect varied among hosts, with PERMANOVA R? values
ranging from 0.09 in C. natans to 0.34 in O. faveolata (Table S3, Fig. 3). A clearer separation between
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healthy and diseased samples was observed in M. cavernosa and P. strigosa, while other species showed
more overlap, suggesting that some corals undergo more noticeable microbiome shifts during SCTLD.
Comparable patterns have been observed in experimental studies, in which microbiome responses to
SCTLD vary across coral species (Huntley et al., 2022). Differences in dispersion were observed in some
species (e.g., C. natans and D. labyrinthiformis), indicating that part of the variation detected by
PERMANOVA may reflect within-group variability, in addition to shifts in community composition (Table
S3, Fig. 3).

Differential abundance analyses further confirm these patterns. Diseased tissues exhibited increases in
several taxa, including members of Clostridia (e.g., Peptostreptococcaceae and Tepidibacter) and
Desulfovibrionia (e.g., Halodesulfovibrio), particularly in M. cavernosa and C. natans (Fig. 4). These
groups are associated with anaerobic metabolism and tissue degradation and have been repeatedly
reported in SCTLD-affected corals (Meyer et al., 2019; Rosales et al., 2020). In contrast, taxa such as
members of the Rhodobacteraceae and Endozoicomonas, which are often associated with stable and
healthy coral microbiomes (Ainsworth et al., 2015; Neave et al., 2016), were more frequently observed in
healthy tissues (Fig. 4).

Alpha diversity patterns were also inconsistent across species. Some species showed increases in
diversity in diseased tissues, while others showed decreases or little change (Fig. 5). Overall, there was
no clear trend, suggesting that SCTLD is not associated with a consistent shift in diversity but rather with
changes in community composition.

These patterns align with findings from other SCTLD microbiome studies across the Caribbean. In the
Florida Reef Tract, Meyer et al. (2019) reported communities dominated by Alphaproteobacteria,
Gammaproteobacteria, and Bacteroidia, with diseased tissues enriched in opportunistic taxa. Rosales et
al. (2023) similarly identified recurrent enrichment of anaerobic and opportunistic groups, including
Clostridia, Campylobacteria, and sulfate-reducing bacteria, along with declines in taxa commonly
associated with healthy corals such as Endozoicomonas. The enrichment of Clostridia and
Desulfovibrionia observed here supports these patterns (Fig. 2, Fig. 3). Because this study includes
repeated sampling of the same colonies before and after disease onset, these patterns provide
additional support that microbiome shifts are associated with disease progression rather than natural
variation among colonies.

In the Mexican Caribbean, Arriaga-Pifién et al. (2024) reported shifts in microbial communities
associated with SCTLD, including enrichment of genera such as Vibrio, Photobacterium, Spirochaeta, and
Nitrospira. While not all these genera were dominant in our study, we observed increases in functionally
similar groups, particularly anaerobic and sulfur-associated taxa such as members of Desulfovibrionia
(Fig. 3, Table S4). Although some taxa differ across studies, similar functional change processes may
occur during disease progression, supporting the idea that dysbiosis is functionally consistent but
taxonomically variable across regions and host species.
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In addition to these statistical trends, this study relied on 16S rRNA gene sequencing, which captures
patterns in community composition but does not directly resolve functional roles or pathogenicity. Future
research incorporating metagenomic or functional approaches would help clarify the role of specific
microbial groups in disease progression.

This study provides one of the few datasets that capture microbial communities before and during
SCTLD within the same coral colonies. Overall, the results support a dysbiosis framework in which
SCTLD is associated with shifts in microbial communities rather than a single microbial agent.
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Figure 1

Map of the study area in the La Parguera Natural Reserve (LPNR), southwestern Puerto Rico, showing
the sampling sites included in this study: San Cristobal, Turrumote, and Buoy. The location of LPNR
within Puerto Rico is indicated in the inset (red box). Samples were collected from multiple scleractinian
coral species across these sites as part of long-term monitoring efforts before and after the onset of
Stony Coral Tissue Loss Disease (SCTLD). The location of the Department of Marine Sciences at Isla
Magueyes is also shown.
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Figure 2

Relative abundance of dominant bacterial taxa across five coral species and health states. Taxa are
shown at the class level and represent the most abundant groups across all samples. Each bar
corresponds to a health state for each species: healthy colonies (HH), diseased lesion tissue (DD),
apparently healthy tissue from diseased colonies (HD), and control colonies without visible lesions (CC).
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Figure 3

Non-metric multidimensional scaling (NMDS) ordination of microbial community composition based on
Bray-Curtis dissimilarity. Each point represents a sample, colored by health state. Samples are grouped
by coral species, and ellipses indicate clustering of selected groups (e.g., HH and DD). Stress values are
shown for each ordination. Differences in community composition were tested using PERMANOVA.
Health conditions are defined as follows: HH = apparently healthy colonies sampled prior to SCTLD
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detection in La Parguera Natural Reserve; DD = lesion margin tissue from diseased colonies; HD =
apparently healthy tissue within diseased colonies; CC = visually healthy control colonies sampled at the
same time and sites as diseased colonies.
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Heatmap showing differentially abundant bacterial genera across health states (CC, HH, HD, DD) in five
coral species. Taxa are displayed at the genus level and grouped by species. Color intensity represents
log10-transformed relative abundance, with darker colors indicating higher values. Asterisks indicate
statistically significant differences between health states (**p < 0.01, ***p < 0.001). Only taxa meeting
thresholds are shown, and taxa are ordered within each species based on mean abundance in diseased
samples
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Alpha diversity of coral-associated bacterial communities across species and health states, measured
using the Shannon diversity index. Health states include apparently healthy colonies (HH), lesion margin
samples from diseased colonies (DD), apparently healthy tissue within diseased colonies (HD), and
nearby unaffected control colonies (CC). Each point represents an individual sample, and boxplots
summarize distributions within each group. Statistical differences among groups were assessed using
non-parametric tests.
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